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VISAR: 24 Minutes for Data Reduction

Willard F. Hemsing

Detonation Systems, Los Alamos National Laboratory
P. O. 80X 1663, MS P950, Los Alamos, I’M 87545

Abstract

Startinq with a pair of signals obta’ned by electronically subtracting photod~t~ctor outputs from any
V! SAR, It is possible to plot velocity vs time, velocity VS distance, and distance vs tine in 2ss min using an
LSI-11/23 computer, This includes time for six iterations of time shift with the resuiting polar plots and
optrator interactions. The velocity calculating algori’.hm and d flow chart of the computer p~ogram ●re pr*-
sented.

Introduction

VISA? data reduction i> the extraction of .elocity information from signals recorded during an experimental
event. A variety of data reduction systems exist that require considerable time, tre{ning, and great $klll to
use,

Pres?nted here is a simpie data reduction method for use on a small computer that only requires two deta
ctunnels, can be learned and applied in minutes, and requires less than three minutes to run.

Although its qreat simplicity sugqests a loss of versatility, compromised accuracy, or reduced msthamatical
riqor, the opposite is true. For exampie, the undesirable practfce of takfrfa the difference bctweeil two
experimental measuremant~ is !{.placed here by a sensitive nullfng technique et VISAR setup. The retlo of
experimental m~asur~ments, the quotient of the two s{gnals, Is t$en uted for data reduction.

For brevity, this paper w(11 only discuss unique features of this method The n~cessary s{gnal acqulsi -
$Ion, call bratioo, find recording wi)l be omitted,

Fiqure 1 isan n$cilloscop~ photoqrfiph of a complete VISAR record su{tabl~ for data reduction using this
method, It$ two siqnals wsuit from electronic subtraction w{thln the two ps{rs of sign.sis fros a push-pull
VI SAR, I or from %ubtractlng the monitor from MCI! of the two data t{gntls of A three photodetactorz flSAR.
Althnuqh the $ubtractlon could be done after record inq, ** IS Would waste one data recordfng channel and Qreat -
ly complicate the data reduction process,
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When the sines of all the angles from 0° through 360° are plotted vs their cosines, the result i of

course, a circle. This is analogous to a polar (or X-Y) plot of two ideal VISAR signals for one frl e. If
the signals have equal amplitudes and differ in phast by 90°,
fringe.

then they will give one complete circle for each

This polar plot can be compared to the well-known Lissajous figures as used in electronics to measure the
phase and amplitude relations between two signals, For VISAR signals, however, the signal amplitudes art not
constant. This reduces its precision, but for signals with several fringes certain defects are clearly dis-

played by the polar plot,

For example, {f thb signals are of unequal amplitude, the polar plot will show An elliptical shape with
❑ajor axis fixed vertically or horizontally, Of coursp, this defect is visible in +.he data traces also.

The polar plot will show an elliptical thape, bu’ with an inclined axis for s{gnal: with other than a 90°
phase difference, This fs difficult to se~ except in a polar plot.

Offset z~ro, in either or both signals, is very easy to identify becadse the origil is plotted off-center
This orlqin is determined from the zero light levels recorded on both traces before l~se,. turn-on.

Time synchronization er,.ors cause an elliptical shape with a rotating axis. kloL.er rotation ruverses as
the ellipse degenerates to a straight Ilne,

Information displayed by the polar plot can be used in a variety of ways to el{minate the effects of signal
defects After many shots, we have de$ielop~d a practical system for Its use.

Corrective interactions using the polar plot

FJecau<e th~ amplltude ratio Is Qasy to adjust properly {n setup, and because data raductlon is {nsens{tive
to modest errors in it, It IS practical to estimate the correction factor by inspect, i~n of the pnlar plot.
Similar reasunlnq lpplles to *he phase dlffprcnce. Thus we allow for ~:hanycs If, e!thvr to be I Jut by the
data analyst. Correct {on$ here, though, ale very infrequent.

Offset zuro @rrorf are corr?ct~d mdwslly by translatin~ th~ oriqln jdst after th,, polar plot {s completed
This op~rator interaction 1$ quick and tlmple, when needed.

Tfm@ $ynchronlzat loo errors are !sInlmlzad by sml@ctlnq thw best one uf SIX polar plots. The$e are plotted
automatically each shot with v?ry small relativ~ tlmc shift. s between the two signal% each iteration When
none Is cle.srly bmt, the one with no intentional .hlft with respect to the time f(duclals Is picked.
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It is possible to ,implify the algorithm by a rearrangement of the tetms of equation (l):

v(t) .1 K,(D2(t)-X) - (Ol(t)-Y)cosP t
—. tan (2)

K (Dl(t)-Y) sinfi
o

To facilitate computer calculations with discrete time steps, it is convenient to replace the times, t, by
array subscripts, 1, representing integers counting eacF. data point recorde4. T{me data are fn another array
with matching subscripts,

V(1) K, (u2(I )-X) - (D1(I )-Y) COSP 1
— = tan-’ (3)

K (DI(I )-Y) sinll
o

Here the numerator and denominator can be considered similar to the sine and cosine, respactlvely, for the
case where v = 90°.

This provides {mnortant benefits, The n x 180° ambiguity of the arctange,lt is {nrrea>ed to n x 360° (by
use of the s{gn of the sine and cosine), Accot.sting for multiple, whole fringes is simpiif{~d, Thus, only
one valid data Uoint is needed for every two consecutive qvadrants to properly count whole frnge:, even with
acceleration and deceleration!

F{qure 2 shows a diagram of this algcr~thm, Inclucfing remarks, it takes 32 program Iine$ to calculatm md
accumul.?:e the anqle from :ero, It automatically accoults for multiple fringes, ●ven with acceleration nPJ
deceleration, This includes any orig{,l translation, amp} ftude rat{o and phase difference corrections made. t!o
Otlwr accountioq is needed for partial frl(qes, peaks, valleys, ●tc. The velocity fs simply this angle times
Lhe ?r{nye constanr
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VISAR data-reduction flow chart

The flow chart of Figure 3 is ,ncluded to illustrate the overall simplicity of our data-reduction program.
It is assumed that the data input fof reduction consists of two time calibrated signal$, with their respective
zero lic$~ levels, ~nd their early fidurials set to an arbitrary zero time,

After permitting operator selections from a menu, the program beqins by making six polar plots. The opera-
tor the? selects the ~ne with no time shift, or one that displays a more circular shape.

‘hat plot is then replotted to a large scale to permit operator translation of the origin, if necessary
The origin is initially plotted at the zero light level from the input data.

Calculation and plotting the three sep~rate qr,lphs then takes approximately 1 min. including velocity vs
time, time VS dis~ance, and velocity vs distance.

At this point, the operator IS given a mend af choices to allow chalges, fringe additions, etC. ‘dith high-

quality signals, it onl~ takes 2+ min per shct to r~dd data from a fIJppy disk until the results are plotted.
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